All three types of regeneration were observed: by transmission in the plates, by nuclear di8rac-tion, and by interaction with single nucleons. The detection of the erst two types of regeneration constitutes strong evidence for the correctness of the Gell-Mann and Pais particle mixture theory. Comparison of the transmission and diffraction regeneration e8ect, using the method of M. L. Good, gives the E~-Xg mass difference B. Two important corrections must be applied to Good's formula: One originates from the nuclear scattering of the transmission component, the other from the multiplicity of scatterings in a thick plate.
INTRODUCTION
'T is by no means certain that, if the complex ensemblẽ -of phenomena concerning the neutral E mesons were known without the benefit of the Gell-Mann -Pais theory, ' we could, even today, correctly interpret the *Work performed under the auspices of the U. S. Atomic Energy Commission. A preliminary report of this investigation was published by F. Muller I&') = (I &t&+ I&s))/&2,
I &'&= (I &r& -I&s))/~2, 
I& &= (I&') -I&'&)/v2.
Only /P and X" can be produced in the collisions of GOOD et el. meson produced in association with a A subsequently collides with a proton and produces a Z particle which, like the A. , has a strangeness of - 1. 5 Encouraged by these results, one then wanted to test what has been called in the literature "even more bizarre manifestations of the mixing of E and E . '"
The point is, of course, that even though the existing evidence was in agreement with the particle mixture theory one could have possibly advanced a somewhat different explanation. In particular, it was desirable to show that the E2 particle is composed of the two E' and K' states at the same time, in the quantum-mechanical sense, rather than being a mixture of E' and K' mesons in the classical sense. A Inost critical test of this point had been proposed. ' If a beam of E& particles, perfectly parallel to each other, traverses an absorber which removes the K' part more than the E', a parallel beam of E' will emerge from the absorber, which beam will contain a parallel beam of E~. Such a production of one kind of particle (Er) from a different one (Es) with perfect conservation of the initial direction of the primary particle (which, hereafter, we will call regeneration by a plate, or by transmission) is most typical of the quantum-mechanical mixture hypothesis. One should contrast this phenomenon with, for instance, the production of neutral pions from negative pions. Obviously a parallel beam of negative pions does not. produce a parallel beam of neutral pions.
It occurred to us that another test of the particle mixture theory could be made by studying the di6rac-' K. Lande, L. M. Lederman, and W. Chinowsky, Phys. Rev. 105, 1925 (1957 6, 130 (1957) ; . M. Baldo-Ceolin, ¹Huzi ta, S. Natali, U. Camerini, and W. F. Fry, Phys. Rev. 112, 2118 (1958 re M. L. Good, Phys. Rev. 106, 591 (1957}; 110, 550 (1958 is equal to Nordx/2, which shows an intensity attenuation equal to Ão-zdx. The particle picture would obviously and quickly give the same result. This kind of reasoning would be wrong if applied to the passage of light through a condensed medium such as water, for it is known that the Geld acting on each scattering center in that case is diferent from the free Geld of the electromagnetic wave. The forward wave resulting from the radiation from all scattering centers is then da=iaXNcfodx, where c is the ratio of the eGective Geld to the wave Geld, " and is equal to 1+(47rP)/3E, where P is the polarization of the medium and E is electrical field. Clearly, in our case no such correction is needed; otherwise we should doubt the method of obtaining the proton-nucleus total cross section by measuring the absorption of a proton beam passing through a plate. Note that in the idealized case of reference 7, the production of a EI plane wave is ' M. Lax, Revs. Modern Phys. 23, 287 (1951) . directly related to the difference in the ubsorp1ioe of the E' and X' waves.
Our procedure can be greatly simpliGed by making use of the fact, pointed out by M. L. Good, that the total intensity of the regenerated E~'s never exceeds one percent of the E2 intensity, so that the regeneration of E2's by the regenerated E~'s can be neglected. We then just compute the E& amplitude produced at each depth in the plate, take into account its attenuation because of absorption and decay before reaching the end of the plate, and add the amplitudes at all depths in the plate.
These amplitudes add coherently with each other, because of the basic fact that each nucleus remains in the same state after the production of E~as it was before. Now the momentum k~of the regenerated E~is different from k2, the momentum of E2, because of the difference in mass between the two particles. Therefore a difference in phase between amplitudes produced at two different Table L depths is introduced by the fact that while both waves obviously cross the same thickness, the fraction of such path during which the wave is E» is different. It is fortunate that, as remarked by Good, the absorption mean free path of IC, is the same as that of E~(because for either particle the absorption cross section is the average of the cross section for Ko and X'), so that we can compute our relevant quantities without knowing it.
The "absorption" by decay is different for E» and E&, and is only important for E», the lifetime of which is suKciently well known.
The amplitude of E» produced in the thickness dx at the depth x is then i iVX f2/ exp(ik2x) dx, and will arrive at the end of the plate (x=L) with the (11) where gz is the total cross section for E» and E2, z is the velocity of the particles, p is the I.orentz factor, and k» and k~are the rnomenta of the E» and E~.
In elastic nuclear collisions resulting in the transformation of E2 into E» the momentum of the emerging K» will differ by a small amount Ak from the initial momentum of the impinging E2. If 6k=k» -k2, the nucleus will recoil with the momentum -Ak, subtracting from the meson the energy (hk)'/2M, where M is the mass of the nucleus. This energy is negligible with respect to the mass difference. Thus Ak can be computed assuming that E» has the same total energy as E2, that is,
where m and k can be taken as the mass and momentum of either meson.
It may be noticed that we use here one definite value for the mass difference between E» and E2.
Actually, the mass spectrum for both mesons has a finite width as a consequence of their 6nite lifetimes. In particular, the spread (5/r~) of the mass values for E» is larger than the mass difference between E» and E~deduced from the results of this experiment. The point to be emphasized is that when we write for the wave generated in the thickness dx the expression exp( -immit/5) exp( -i/2r~) or the corresponding exp(ik&x) exp( -x/2&vr&), we imply already the production of a spectrum of masses, with a central value of m» and a width given by the spread of the Fourier spectrum, namely 5/7~, as it should be.
If we call h. =&~r» the decay mean free path of the K~and introduce the dimensionless quantities L=L/A and 8= (m2 -nz~)c'/(k/r~), we obtain from (11);
If we could ignore some inherent complications, we would quickly compute the intensity of E»'s regenerated from the nuclei by the diffraction process. The production per unit solid angle in the forward direction would be (dn /dQ) =~f~' NA(1 e')e NL-'7' (13) with the interesting property that the ratio of (12) to (13) is independent of the actual value of f2/, so tha, t the measurement of that ratio would allow us to derive the mass difference in terms of the other known parameters appearing in (12) and (13), without knowing f»o Actually, the situation is not quite so favorable. First, we must. take into account that the E2 wave, a2~E2), proceeding through the plate until it hits a nucleus, has already accumulated a E» amplitude by the process of transmission regeneration represented by formula (10), and during the rest of the path, after the nuclear collision until reaching the end of the plate, again a E& amplitude is accumulated by process (10).
Secondly, in a 15-cm plate, the probability that the wave undergoes only one collision is comparable with the probability of undergoing more than one collision, and we must therefore take into account this multiple scattering and regeneration mechanism. The independence from f"andf2~is no longer with us, but the intensity (12) The wave emerging from the plate without nuclear encounters is that which we have called the transmission-regenerated wave. Its amplitude is n(l) =iNXAf2~0(e w' -e "2) ( jgj+x~~) le NL(rT'/2efk&L (1-4)- Xf22 (8) (15) At the same time the E2 wave is ordinarily diGracted at the depth x, in the direction 8, and produces, in the path from x to the end of the plate, the transmissionregenerated E~wave:
The two amplitudes (15) and (16) must be added, obtaining n(l) f22 (8), that is, the no-collision transmission wave (14) multiplied by f220(8). Note that this amplitude is independent of x. This feature, which remains t;rue for e scatterings, hinges on the fact that both E j and E2 scatter with identical amplitudes, so that the accumulation of the transmission wave, which can be thought of as due to a large number of collisions at a large distance, continues in the new direction of motion just as it would have continued in the initial direction. Thus the depth at which the scattering takes place is of no importance.
(ii) Regenerative dill'raction of the E2 wave at x, which results in the amplitude 2/(x) f21 (8) 
R=Ir/I(8), 
The necessity of using the multiple scattering formula (23) Table I . The quantity b' gives the width of the angular distribution Lsee Formula (21)] and is essentially determined by the size of the nucleus and the wavelength of the incident wave as is common with diBraction-type processes. Figure 3 shows the angular distribution resulting from the multiple scattering given by formula (23) have small probability of reaching the plate in the chamber. No more than a third or so of the particles escaping from the lead filter have suffered nuclear scattering. The two-in. iron frame, which covers 65%%uo of the beam changes the direction of only 10%%uo or less of the E& particles.
A pion momentum of 1.1 Bev/c was chosen because at the time of the experiment the cross section for E' production appeared to be maximum at this momentum.
The pion beam was designed for a momentum range of &5%.Although not experimentally verified, the number of pions as a function of momentum is assumed to be a Gaussian centered at 1.1 Bev/c and with a standard deviation of 0.055 Bev/c as determined from the design of the beam. We use this pion distribution to determine the momentum distribution of the regenerated E~'s which have closely the same momentum as their parent E2's. All parameters that are a function of momentum will affect the shape of this distribution. These parameters include AE and ZE' production cross sections, conversion of center-of-mass solid angle to laboratory solid angle, E2 decay, and our imposed criterion that the ir+ momentum be less than 600 Mev/c. Taking all of these factors into account, the final momentum distribution of E&'s regenerated in the plate and decaying in the chamber is shown in Fig. 9 , where it is compared to the experimental momentum distribution.
C GOD et al. is the distribution expected from E& decays analyzed with the assumption that both charged prongs are pions. Curve E~and E'2 is the sum of curve E'2 and a curve proportional to that of Fig. 11 .
There are 706 events under the E2 curve and 374 estimated Ed ecays. Although the background seems to be reasonably well accounted for by E2 decay, some background produced by neutron stars (see Fig. 12 ) could very well be introduced and still a good fit could be obtained (see text). (2) The time of flight T of the neutral meson, before decay, must be less than two, in units of the E& mean life (13. 5% of the Er's live more than two mean lives).
(3) The momentum of the Eq must be larger than 500 Mev/c. This excludes 10% of the true E& decays.
Interactions which are not due to E& decay will not, in general, satisfy any of these criteria, and if they happen, by chance, to satisfy two of them, the probability of satisfying the third is not enhanced. A test of the reliability of these criteria for the sample in question can thus be made by selecting pictures which satisfy two criteria and plotting the distribution versus the third variable. This has been done in Figs. 9, 11, and 13, with quite a satisfactory result. After the triple selection in Q, P, and 2' the residual background must be next to negligible for our purposes.
Using Formulas (23) and (24) The error in the number of E&'s is probably some 25%. Table I Fto. 15. Same as Fig. 14(a) , for, the 1~~-in. lead plate, peak is expected, and far from the plate (Fig. 18) Fig. 14(a) protons.
The Q distribution of Fig. 10 proves the reality of the E~-E» regeneration. To our knowledge, this is the Grst time that this phenomenon has been observed. Moreover, the angular distribution of the regenerated E» constitutes convincing evidence that the expected diffraction regeneration by the nuclei of iron and the transmission regeneration by the plate do indeed occur. The peak in the angular distribution, showing that E» particles are produced by E2's within two or three degrees of the direction of the primary particle, can hardly be imagined to be produced by an instrumental error. The mere existence of such an unusual type of particle production gives strong reassurance that the particle mixture theory is correct, and that the mass difference between E» and E& is no more than a very few units.
Quantitatively, the mass difference deduced from the experiment is (0.84+0.25)A/ri, that is, 5.5~1.2 kiev. With 90%%u~probability, 5 is between 0.44 and 1.2 k/r The error quoted is only the statistical uncertainty. The errors produced by the necessity of using, in the computation, parameters that could only be estimated, is probably less than the statistical uncertainty.
The measured mass difference is 10 " times the mass of the E meson. The detection of such a minute fractional difference is directly connected with the fact that the production of undetected E»'s takes place not in a single nucleus, but in a large number of nuclei through the whole depth of the plate. It is actually interesting to note another consequence of this production mechanism; the spread of the mass spectrum of the produced Ki's is less (about one-half) than the spread for Ei mesons produced in interactions with single nuclei. This is due to the fact that the E» amplitude of the transmission wave extends for the whole depth of the plate, which is four decay lengths. This sharpening effect, which becomes more pronounced with thickening of the plate, would make possible the measurement of a mass difference substantially smaller than the "natural" mass spread of the short-lived E». For contrast, if the mass difference were of several units the intensity of the transmission component would rapidly drop to negligible values, as a consequence of the practically complete incoherencq of the Eq and K2 waves inside the plate,
